Recent evidence shows that international markets of agricultural commodities are oligopolistic. This article uses a theoretical framework to identify the effects of adopting either unilateral (i.e. non-cooperative) or cooperative environmental policies on local biodiversity when countries compete in this market structure. The results reveal that unilateral environmental policies can negatively affect local biodiversity in foreign countries. This suggests that protection of natural habitats can only be achieved by means of international cooperation.
Introduction
Some researchers have found that the most important factors causing natural habitat loss are agricultural expansion induced by international trade and lack of property rights over natural resources (see, for example, Barbier, 2004; and Angelsen and Kaimowitz, 1999) . Because natural habitat loss is coupled with loss of biodiversity, this finding suggests that international trade can caused environmental damage. This is because biodiversity provides important economic and environmental benefits such as organic waste disposal, soil formation, biological nitrogen fixation, reservoir of genetic for crop and livestock, biological pest control, plant pollination, and pharmaceuticals (Pimentel et al., 1997) . Biodiversity also offers the opportunity to develop alternative economic activities such as ecotourism (Naidoo and Adamowicz, 2005) .
The research studying the relationship between international trade and biodiversity has, however, assumed that international markets of agricultural commodities operate in competitive markets (see for instance Polasky et al., 2004; and Smulders et al., 2004) .
Nonetheless, market power in these markets has been identified by different researchers (see Reimer and Stiegert, 2006; Hueth and Marcoul, 2006; McCorriston, 2002; Ming and Chandramohan, 2002; and Boehlje and Doreing, 2000) . According to May (2009) , this difference of market structure can strongly affect the relationship between international trade and the environment. As a consequence, environmental policy recommendations provided by works assuming perfect competition could not necessarily be applicable when markets are oligopolistic.
The objective of this article is to show this fact by means of a theoretical analysis. The aim is, in particular, to show that environmental policies adopted to protect local biodiversity by a particular country could negatively affect local biodiversity in foreign countries when they compete in oligopolistic international markets.
The paper is organised as follows. Section 2 introduces the model that is used in the research. Section 3 analyses the effects of both unilateral (i.e. non-cooperative) and cooperative environmental policies on local biodiversity. Finally, Section 4 concludes the paper.
The model
The model assumes the existence of η countries who export a single homogeneous agricultural good to a particular importer country j. Let Ω be the set of exporter countries. Each exporter country i ∈ Ω has a single domestic agricultural firm which plays Cournot in the domestic market of country j. The demand for the homogeneous agricultural good in the latter is given by P = α -Q, where P is the price of the homogeneous good in the domestic market of country j, α represents the size of this market, and Q is the total output demanded by this country. Let γ i be the marginal cost faced by the domestic firm of country i. Assume, in addition, that the domestic firm of this country produces according to the following function production (Polasky et al., 2004) :
where N i denotes labour and L i denotes agricultural land used in the production of good q i in country i. Farmers, on the other hand, are assumed to maximise the following objective function.
Using Equations 1 and 2, the solution of the Cournot model under the assumption that the domestic firms of the exporter countries face the same marginal cost (i.e. γ i = γ for all i ∈ Ω) is:
On the other hand, if the domestic firms of countries k ∈ Ω -{i} face the same marginal cost γ (i.e. γ k = γ for all k ∈ Ω -{i}) and the marginal cost faced by the domestic firm of country i is γ i ≠ γ (as a consequence of the introduction of a environmental policy in this country), then the Cournot solutions for countries i and k are given by:
Finally, local biodiversity is introduced by means of the species-area curve (Polaskyet al., 2004) . This curve represents a relationship between the size of natural habitat and the number of species it can support. Because land that is converted for agricultural production cannot support native biological diversity, agricultural land expansion negatively affects the number of native species living in natural habitats. This is represented in the model as an inverse relationship between the number of native species and the use of agricultural land. Let S i be the number of native species in country i. Using this variable, the species-area curve is defined as:
where θ i (L i ) represents the species-area curve as a function of agricultural land. As explained above, the number of native species decreases as agricultural land increases. This implies that ∂θ i (L i )/∂L i < 0.
Effects of cooperative and non-cooperative environmental policies on local biodiversity
The existence of market power in international markets of agricultural commodities generates interdependence among competitor exporter countries. This interdependence can negatively affect local biodiversity when environmental policies are adopted unilaterally. To see why, assume that a non-cooperative unilateral environmental policy is adopted by a particular country i. Assume in addition that this policy increases the marginal cost of the domestic firm of this country. As a consequence, γ k = γ for all k ∈ Ω -{i}, and γ i > γ as a result of the environmental policy adopted in country i.
Proposition 1: A non-cooperative environmental policy adopted unilaterally by country i reduces pressure on local biodiversity in this country. However, this policy causes of local biodiversity loss in competitor exporter countries.
Proof: The total effect of the non-cooperative policy adopted by country i on local biodiversity in the same country is given by
it holds that ∂L i /∂γ i < 0, and from Equation 6 it holds that ∂θ i (L i )/∂L i < 0. It must be concluded, therefore, that dS i /dγ i > 0. On the other hand, the total effect of the non-cooperative policy adopted by country i on local biodiversity in a competitor country k is given by dS k
it is inferred that that ∂L k /∂γ i > 0, and from Equation 6 it is inferred that ∂θ k (L k )/∂L k < 0. It must be concluded, therefore, that dS k /dγ i < 0. This completes the proof.
The main implication of this result is that environmental policies adopted unilaterally generate a negative externality on competitor countries as they correct the exogenous shortfall in production of the country with the policy by producing and exporting more. The reason is because a policy adopted by a particular country increases the marginal cost of the domestic firm of this country. This firm adjusts to this policy by reducing production and this smaller production, in turn, pushes the price in the importer country up. Competitor countries increase production in response to this higher price. However, the increase in production is achieved by means of agricultural land expansion which negatively affects local biodiversity in these countries.
This finding suggests that countries have to adopt collaborative environmental policies in order to avoid the negative externality on local biodiversity caused by unilateral policies. The following proposition shows that this is indeed possible.
Proposition 2:
A cooperative policy adopted simultaneously by all competitor countries benefits their local biodiversity.
Proof:
The total effect of the cooperative policy on local biodiversity in an arbitrary country i is given by dS i /dγ = (∂θ i (L i )/∂L i )(∂L i /∂γ). In order to determine the sign of the term ∂L i /∂γ of the right side of this equation, the expression 3 was used. The reason is because this equation assumes that countries face the same marginal cost. This implies that the first derivative of this expression with respect to the marginal cost is associated with the case in which all countries modify their marginal cost simultaneously in the same magnitude. Equation 4, in contrast, cannot be used to prove this proposition because it assumes that only country i modifies marginal cost. Having clarified this point, it is concluded from Equation 3 that ∂L i /∂γ < 0. On the other hand, from Equation 6 it holds that ∂θ i (L i )/∂L i < 0. It must be concluded, therefore, that dS i /dγ i > 0, and the proof is complete.
This proposition shows that agricultural land expansion is reduced in all the competitor countries when they adopt a collaborative environmental policy. This is because this policy increases the marginal cost faced by all the domestic firms competing in the importer country. As a consequence, all of them reduce production and this, in turn, reduces pressure on local biodiversity.
Conclusions
Agricultural land expansion induced by international trade and lack of property rights over natural resources has been identified as an important factor causing loss of local biodiversity. This article explores the main implications of this problem in a world characterised by the existence of oligopolistic international markets of agricultural commodities. The results reveal that in this paradigm, an environmental policy adopted unilaterally by a particular country can negatively affect local biodiversity in competitor countries. This negative externality is not presented in competitive markets because in this case firms are price takers. Consequently, competitor countries do not modify current exports in response to a policy adopted by one of them as output price is not affected by the policy.
This finding was used to conclude that only collaboration among countries can reduce loss of local biodiversity when international markets of agricultural commodities are oligopolistic. According to the results, a beneficial collaborative policy consists of increasing simultaneously the marginal cost faced by firms competing in these markets. This could be achieved, for example, when governments of the countries competing in oligopolistic markets apply simultaneously a tax that increases the marginal cost faced by their domestic firms. The advantage of this collaborative policy is that it does not cause negative externalities in competitor countries implying that its application ensures a decrease of habitat destruction at the local and aggregate level.
It is possible that countries' incentives to cooperate depend on how society values the economic and environmental benefits of biodiversity. It would be interesting to investigate how to increase these values with the objective of promoting collaboration across countries that compete in oligopolistic international markets. Willingness to cooperate also depends on governments' political incentives. For example, a government who only cares about gaining political support could not be interested in being involved in international cooperation. The analysis of how to encourage these governments to sign a global cooperative agreement to protect local biodiversity is left for future research.
